Milk fat globule membrane (MFGM) proteins constitute a milk fraction currently of great interest, as they appear to significantly contribute to milk protective role. We investigated these proteins in human preterm colostrum and milk. For the former we found a peculiar 2-DE pattern, with a spot concentration at low molecular weight, which mass spectrometry analysis showed to be fragments belonging to some MFGM proteins with a well-known biological and especially immunological role: lactadherin, membrane-associated lactoferrin, butyrophilin, clusterin and heavy-chain immunoglobulin. Since we were able to rule out protease activity after specimen collection, we hypothesize the localization of the proteolytic enzymes in the alveolar cell membranes of the mammary gland. This mechanism is probably under hormonal control and the unexpected advent of preterm delivery would not allow hormonal conditions typical of lactation to occur immediately, causing a delay in enzymatic inhibition. This hypothesis is supported by some of our results, picturing a peculiar transient phenomenon of adaptation of the mammary-gland-membrane proteins after preterm delivery. Further studies will be required to verify whether the presence of protein fragments exerts a specific biological and immuno-defensive role in preterm infants, thus adding evidence to the outstanding biological role and benefits of mother's own milk in feeding preterm infants.
It is well known that human milk is the ideal food for full-term infants during the first 6 months of life (1). Human milk is not only suitable from a nutritional point of view, but it contains immunomodulatory arid anti-inflammatory components, antimicrobial and trophic factors and other bioactive components, such as enzymes, hormones and prebiotic agents (2) . There is increasing evidence that own mother's milk is beneficial also in the nutrition of preterm very low birth weight infants (VLBWI, <1500g) (1). In such infants both enteral and parenteral nutrition usually start simultaneously within 24 hours from birth. Enteral feeding with mother's milk starts with 10-20 mllkg/day and is increased daily by 10-20 mIl kg/day up to 150-180 mllkg/day. However, little is known about the composition of milk from mothers delivering preterm. Differences between preterm and full-term whey proteins have been investigated by several studies (3) . For instance, higher IgA levels have been found in preterm milk (4) . IgA profile in preterm milk has been recently related to the timing of milk collection: IgA concentration decreases during the first week oflactation (5) . On the contrary, lactoferrin concentration is lower in pre term than in full-term colostrum, even ifafter 10 days oflactation lactoferrin level in preterm milk is fairly constant, while in full-term milk it shows a decreasing trend, suggesting a protective role of lactoferrin in preterm infants (6) .
Milk fat globule membranes (MFGM) are also an important source of biologically-active proteins. Passing through the mammary secretory cell, fat is segregated in vesicles enveloped by the apical membrane ofthe secretory cell itselfbefore secretion, giving rise to fat globules (7) (8) . The main proteins associated with human MFGM have been recently identified by combining effective solubilization procedures, 2-DE and mass spectrometry techniques (9) . So far, very little has been reported about pretenn milk MFGM proteins. Large amounts of mucin and lactadherin have been detected in gastric aspirate of preterm infants and in their mothers' milk, and may significantly contribute to protect preterm infants from infections by S-fimbriated Escherichia coli and Rotavirus among others (10) .
Despite the importance of milk components for neonatal nutrition and their immuno-defensive role, the mechanisms regulating their synthesis and secretion remain poorly understood (11). This is probably due to the fact that the endocrine control of lactation is one of the most complex physiologic pathways in human reproduction (12) . Even less is known about the maternal hormonal pattern in case of preterm delivery (13) (14) . Since preterm delivery affects a number of physiological and endocrine factors, it is likely to have an impact on lactation, therefore affecting preterm milk composition and timing of various milk component synthesis. The aim of this study was then to examine the evolution of MFGM protein patterns by analyzing the 2-DE protein profile in preterm milk samples ranging from colostrum to mature milk.
MATERIALS AND METHODS

Colostrum and milk sampling
Human colostrum and milk were collected after informed consent from 37 healthy mothers who delivered pretenn (24-33 weeks of pregnancy). As control, colostrum was also collected from 4 mothers who delivered at term (37-40 weeks). Samples were collected daily from the 1 51 to the 4 1h day of lactation (colostrum); a further sample was collected at the 4 th week of lactation (mature milk). Specimens were collected into sterile tubes, emptying one breast with an electric breast pump. Each sample was analyzed separately.
Storing conditions
Colostrum samples were stored under three different conditions: two aliquots of each sample were immediately frozen at -20°C, one with protease inhibitor (Complete; Roche, Switzerland) and one without it; another aliquot was left at room temperature for I hour and frozen without addition of protease inhibitor, which was only added after defrosting, to prevent proteolysis. All milk samples were frozen at -20°C as described by Quaranta et al. (15) .
Milkfraetion preparation
Defrosted colostrum and milk samples were centrifuged at 2,000 g for 30 min at 10°C to remove cells and then centrifuged again at 189,000 g for 70 min at 6°C to remove caseins (16) . Fat globules were recovered in the supernatant layer and washed three times with 0.9% NaCI by centrifugation at 2,000 g for 30 min at 10°C to remove water-soluble proteins to obtain washed globules (WG). For each sample, both WG and the whey fraction obtained by casein pellet and fat fraction removal were stored at -20°C until use.
Sample preparation for 2-DE
To extract the MFGM proteins, 100 ul WG were mixed 2:3 with a solution containing SDS (63 mM Tris-HCI, pH 6.8, 2% SOS, 5% p-mercaptoethanol) following Laemmli (17) , incubated at room temperature for 60 min and centrifuged at 18,000 g for 10 min. After removing the floating cream layer, the supernatant was diluted 1: 2 with the SOS solution and again centrifuged at 18,000 g for 10 min. After again removing the floating cream layer, the supernatant was subjected to precipitation with methanol and chloroform following Wessel et al. (18) . A solution of 7 M urea, 2 M thiourea, 4% CHAPS, 1%Triton X-100, 20mM Tris, 1% OTT and 0.5% IPG buffer was then used as "sample solution" to solubilize the precipitated proteins. All samples were run in triplicate. Whey was dialyzed against water three times; 50 III were diluted with 200 III of "sample solution" and the whey proteins were ready for 2-DE.
Two-dimensional electrophoresis
Isoelectric focusing (IEF) and SDS-PAGE were carried out as described elsewhere (9) . Gels were automatically stained using the Processor Plus (Amersham Biosciences, Uppsala, Sweden) with colloidal homemade Coomassie Blue (19) . 2-DE gels were digitized at 600 dpi (ImageScanner, Amersham Biosciences, Uppsala, Sweden) and image analysis was performed with Progenesis PG 220 software (Nonlinear Dynamics).
Protein identification
Protein identification was achieved through the "peptide mass fingerprinting" (PMF) strategy (20) . For mass spectrometry analysis, spots of interestwere cut from the gel and destained overnight with a solution of 25 mM ammonium bicarbonate and 50% acetonitrile. The proteins were digested in gel with trypsin (Promega, Madison, WI, USA) as described by Hellmann and co-workers (21) .
For MALDI-TOF mass spectrometry, 0.5 III of each peptide mixture was applied to a target disk and allowed to air-dry. Subsequently, 0.5 III of matrix solution (1%w/v a-cyano-4hydroxycinnamic acid in 30% acetonitrile, 0.1% TFA) were applied to the dried sample and again allowed to dry. Spectra were obtained using either a Bruker ReflexIII MALDI-TOF spectrometer (Bremen, Germany) or an Applied Biosystems Voyager DE-PRO MALDI-TOF spectrometer. To interpret the MS spectra of protein digests, Mascot (http://www.matrixscience.coml home.htm!) and MS-Fit (http://prospector.ucsjedu/ ucsfhtmI4.0Imsfit.htm) software packages were used.
RESULTS
Comparative analysis ofpreterm MFGM proteins
The first phase ofthe study aimed at characterizing MFGM proteins of preterm colostrum. We analyzed 12 specimens (gestational age: 24-33 weeks) following a procedure described in a previous study on full-term colostrum (9) and found two different types of protein pattern: the first one was characterized by low molecular weight spots ( Fig.  1A ) which were not found in the other one ( Fig. 1B) . As it may be seen in Fig. 1 , pattern 1B was similar to full-term.colostrum pattern (Fig. 1C) .
To understand the origin of these low molecular weight spots we selected 27 spots outof565, which were present in alllA maps and not present in 1B maps, and identified the proteins by PMF and mass spectrometry (Fig. 2) . Surprisingly, no unknown proteins were found (Table I) . All the spots contained instead fragments belonging to a few MFGM glycoproteins: lactadherin, membrane-associated lactoferrin, butyrophilin, clusterin and heavy-chain immunoglobulin A. This is deducible from the difference between the theoretical and 2-DE observed molecular weight and from the start-end residue number obtained by the PMF coverage (Table I) . Moreover, many spots at different molecular weights and isoelectric points (IPs) showed the same sequence coverage, enabling us to speculate that they could maintain the saccharidic chains of the original proteins, possibly at a different level of glycosylation.
To exclude the possibility that the low molecular weight spots in preterm colostrum were caused by proteolysis (due to a possibly higher sensitivity of these specimens to handling and storage procedures compared to full-term milk specimens), in the second phase of the study 25 cases of preterm delivery were collected, stored and handled in different conditions (see Materials and Methods). Twenty out of the 25 subjects (80%) showed a 2-DE map similar to that of Fig. lA , while the remaining 20% presented a different protein pattern (Fig. 1B) . This percentage did not change when handling and storage conditions were changed (Fig. 3A, B ).
2-DE evolution profile ofMFGMproteins
Evolution ofpreterm MFGM proteins during the first four days of lactation showed a progressive reduction in the fragmentation pattern ( Fig. 4A, B , C, D) and at week four oflactation a protein pattern ofMFGM (Fig.  4E ) similar to that of full-term colostrum was found (Fig. 4F) . It also emerged that, when the initial protein profile was not fragmented, this phenomenon did not occur at any subsequent phase.
We investigated whey proteins from preterm colo strums through 2-DE analysis. No whey protein fragmentation was shown even when colostrum from the same mother produced a high degree of fragmentation ofMFGM proteins (Fig. 5A, B, C) .
MFGMfragments
Proteomic analysis of preterm MFGM (Fig. 2 ) showed the presence offragments from main MFGM proteins (mostly from lactadherin) displaying fragments in the N-terminal and in the C-terminal regions (Table I) , and did not reveal the typical protein pattern. Two fragments of human lactoferrin (LTF) that were detected in the 2-DE map belong to the C terminal region, ranging from residue 587 to residue 710. 
DISCUSSION
Comparative analysis ofpre term MFGM proteins Different sampling and storing conditions did not change MFGM protein patterns in preterm milk . This enabled us to rule out proteolysis occurring during secretion of the colostrum, suggesting that proteolytic activity occurred before milk output from the breast: the presence of proteolytic enzymes included into alveolar cell membranes of the mammary glands can be subsequently hypothesized. Some proteolytic enzymes have already been described associated with the plasma membranes of mammary gland cells, such as matrix metalloproteinases (MT-MMPs) (22) . These MMPs play a role in several developmental stages of the mammary gland; this is not true for lactation , since in this phase in situ hybridization and Northern Blot analysis failed to identify their presence (22) . The hypothesis was that proteolytic activity might be inhibited by hormonal patterns characteristic of lactation. Alongside their connective tissue degrading functions, MMPs regulate bioactive molecule activity by proteolytic processing (23) . Our results might be the consequence of a delayed membrane enzymatic activity, when compared to full-term delivery: due to preterm delivery, in fact, a few days are needed before post-partum hormonal changes take place and enzymatic proteolysis can be inhibited. For example, it has been reported _. . ., ... that levels of cortisol and corticotrophin-releasing hormone are statistically higher in women having presented preterm deliveries, compared with those with delivery at term (13) . Moreover, this temporal delay is affected by some degree of variability, explaining the normal 2-0E pattern shown by 20% of our samples. Contrary to our expectations, no significant correlation was found between gestational age and the degree of protein fragmentation. This might be further investigated by future studies on larger samples.
2-DE evolution profile ofMFGM proteins
The delay in protease inhibition in preterm milk clearly supports the hypothesis of the role played by membrane protease activity. Unfortunately, to date, no cell line selectively secreting milk globules are known, signifying that the expression mechanisms of membrane enzymes and their action on fat globules cannot yet be studied.
MFG M protein fragments
It is well known that multifunctional peptides are derived from milk proteins. These usually have a latent activity within the native protein and are generated after proteolysis during gastrointestinal transit (24) , acquiring an active role.
In general, MFGM proteins are multidomain glycosylated proteins; some truncated forms have already been identified, but their full-length forms were always present in the same samples (25) (26) (27) . Lactadherin consists of two N-terminal EGFlike domains followed by two repeated domains, homologous with the C I and C2 domains of blood clotting factors V and VIII (28) ; medin, an internal cleavage product (from residue 245 to residue 294) of lactadherin, has been found in aortic amyloid deposits (29) and internal elastic lamina of the temporal artery (30) . In LTF amino acid sequence, a segment similar to medin is also present (amino acid residues 493 to 547); the corresponding synthetic peptide was found to be amyloidogenic (31) . It has already been reported that LTF C-terminus (amino acid residues 679-695) shows strong homology with an active domain of the. cystatin family (32) . Moreover, lactoferricin B, a peptide corresponding to the first 25 amino acids of LTF Nterminal sequence, also shows a bactericidal activity (33) .
As shown in Table I , some of the identified fragments belong to butyrophilin (BTN) N-terminal portion (amino acid residues 69-127), which also contains IgV-like domains; BTN is similar to myelin oligodendrocyte glycoprotein (MaG) and this has lead to speculation that molecular mimicry involving BTN may modulate MaG-specific autoimmune responses in humans (34) .
The presence of MFGM protein fragments in preterm milk is certainly due to an unexpected hormonal onset; further studies are required to verify whether preterm delivery knocks out the biological activity of the entire molecules or these fragments can instead take on an immunological and defensive role for preterm infants.
This speculation could be useful to better understand the biological roles and outstanding benefits of own mother's fresh milk in early feeding preterm infants.
